Identification of the regulatory domain of the mammalian multifunctional protein CAD by the construction of an Escherichia coli hamster hybrid carbamyl-phosphate synthetase.
Carbamyl-phosphate synthetases from different organisms have similar catalytic mechanisms and amino acid sequences, but their structural organization, sub-unit structure, and mode of regulation can be very different. Escherichia coli carbamyl-phosphate synthetase (CPSase), a monofunctional protein consisting of amido-transferase and synthetase subunits, is allosterically inhibited by UMP and activated by NH3, IMP, and ornithine. In contrast, mammalian CPSase II, part of the large multifunctional polypeptide, CAD, is inhibited by UTP and activated by 5-phosphoribosyl-1-pyrophosphate (PRPP). Previous photoaffinity labeling studies of E. coli CPSase showed that allosteric effectors bind near the carboxyl-terminal end of the synthetase subunit. This region of the molecule may be a regulatory subdomain common to all CPSases. An E. coli mammalian hybrid CPSase gene has been constructed and expressed in E. coli. The hybrid consists of the E. coli CPSase synthetase catalytic subdomains, residues 1-900 of the 1073 residue polypeptide, fused to the amino-terminal end of the putative 190-residue regulatory subdomain of the mammalian protein. The hybrid CPSase had normal activity, but was no longer regulated by the prokaryotic allosteric effectors. Instead, the glutamine- and ammonia-dependent CPSase activities and both ATP-dependent partial reactions were activated by PRPP and inhibited by UTP, indicating that the binding sites of both of these ligands are located in a regulatory region at the carboxyl-terminal end of the CPSase domain of CAD. The apparent ligand dissociation constants and extent of inhibition by UTP are similar in the hybrid and the wild type mammalian protein, but PRPP binds 4-fold more weakly to the hybrid. The allosteric ligands affected the steady state kinetic parameters of the hybrid differently, suggesting that while the linkage between the catalytic and regulatory subdomains has been preserved, there may be qualitative differences in interdomain signal transmission. Nevertheless, switching prokaryotic and eukaryotic allosteric controls argues for remarkable conservation of structure and regulatory mechanisms in this family of proteins.